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Abstract 

Goal and Scope. This study compared two different approaches 
to general inventory data in LCA, one involving the process- 
based ETH 96 database and the other an environmentally ex¬ 
tended Input-Output table for the US, referring to MIET ( Miss¬ 
ing Inventory Estimation Tool) 2.0. The purpose of the present 
paper is to highlight and explain some of the differences be¬ 
tween the two approaches, in order to give LCA practitioners a 
clearer idea of the advantages and limitations of using Input- 
Output analysis combined with process LCA. 

Methods. The comparison was made despite substantial differ¬ 
ences between the two approaches, through a reduction and 
reclassification of the ETH process technology matrix to fit the 
Input-Output classification scheme and by concentrating on the 
structure of the processes rather than their absolute values. The 
structure is described in terms of the percentage of the CO, con¬ 
tribution to the total emission by all processes involved in the 
supply chain. An input and output structure comparison was 
carried out between ETH 96 and MIET 2.0, to extract informa¬ 
tion about their structures. 

Results and Discussion. The results of the study show that, de¬ 
spite their methodological differences, MIET 2.0 and ETH 96 
show substantial similarities in their overall structures. There 
are also differences in the structure of the two databases, and 
most of them have occurred randomly, while, for certain par¬ 
ticular sectors, the differences are rather persistent. Especially 
the contributions by capital goods are constantly lower in ETH 
96 database and vice versa. The results imply possible system¬ 
atic truncation in process LCA databases, especially for a few 
sectors such as capital goods. 

Recommendation and Perspective. Hybrid analysis can overcome 
the problem of incompleteness in process LCA, while avoiding 
such disadvantages of IOA as aggregation problem. 


Keywords: Correlation study; ETH 96 database; Input-Out¬ 
put analysis; inventory data; MIET (Missing Inventory Esti¬ 
mation Tool) 2.0 


Introduction 

It has repeatedly been pointed out that one of the main prob¬ 
lems in LCA is the arbitrary system boundary definition [1- 
5]. ISO 14041 states that: "Ideally the system should be 
modelled in such a manner that inputs and outputs at its 
boundaries are elementary flows. " [6]. In theory, this means 
that all processes directly and indirectly linked to the prod¬ 


uct system at hand should be included in the system, expand¬ 
ing its width and depth. This type of LCA requires practition¬ 
ers to consider virtually the entire economy, as ultimately al¬ 
most all processes are linked. It is quite easy to imagine that 
this is complex, expensive, and practically impossible. 

Recognizing these difficulties, the same ISO 14041 states 
that the practitioners can decide the level of detail of the 
study and exclude some flows or processes that will not 
change the overall conclusions of the study. The choice of 
the boundary, and consequently of the flows to be cut off, 
can be made by applying the so-called cut-off criteria; either 
those suggested by the same ISO standards, based on en¬ 
ergy, mass or environmental relevance, or those proposed in 
the scientific literature [7]. Boundary selection is done as an 
iterative process. Starting from an initial boundary includ¬ 
ing the main process and some other directly linked upstream 
and downstream links in the supply chain, the boundary 
definition process continues by progressively including the 
processes whose contributions to the overall environmental 
impacts of the product system are considered to be relevant. 
Despite the efforts to objectively draw a system boundary 
of a product system, complying the ISO requirements for 
system completeness still seems to be quite difficult [5]. In¬ 
evitably, some processes are excluded, leading to an under¬ 
estimation of the environmental burdens, the so-called trun¬ 
cation error, which, depending on the processes, could be as 
much as 50% of the total environmental impact [1], 

As recently proposed, a way to cope with the truncation 
problem is to combine environmentally extended Input- 
Output analysis with traditional process-based LCA [4,5]. 
The resulting hybrid methods can be used to obtain more 
complete inventory results by recovering the cut-off flows 
using input-output data [4,8-10]. Hybrid methods use the 
strengths of both approaches to achieve a detailed and more 
complete analysis [4,5,11]. 

The present study compares two LCI databases, viz., the 
process-based LCI database and environmentally-extended 
Input-Output database. For the former, the matrix approach 
proposed by Heijungs was applied to the ETH 96 database 
(referred to below as ETH), which is one of the most widely 
used LCI databases [12,13]. The matrix approach allows us 
to overcome the problem of closed loops, which is another 
source of incompleteness in conventional LCA based on the 
process-flow diagram approach; see Suh and Huppes for 
details [11]. With the virtue of matrix approach it utilises, 
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the database is directly applicable in the integrated hybrid 
method [4]. For the Input-Output database, the present study 
makes use of the MIET 2.0 database (referred to below as 
MIET) [14]. MIET is based on a 91x91 US commodity-by- 
commodity Input-Output table, derived from the make and 
use tables published by the Bureau of Economic Analysis 
(BEA) in 1996, and various environmental statistics cover¬ 
ing more than 1000 environmental intervention data. In the 
present study, we only used C0 2 emissions data as an indi¬ 
cator for a structural comparison of the two databases. In 
order to examine the unique differences of the two databases, 
we compared the input and output structures, rather than 
their absolute values, of some basic commodities or proc¬ 
esses, expressed in C0 2 embodiments of the commodities. 
Input structure here means the relative contribution of each 
input to a product system to its overall C0 2 emission [15]. 
Output structure here refers to the relative contribution of a 
particular commodity, again expressed in terms of embod¬ 
ied C0 2 , to all the other commodity groups. The input struc¬ 
ture in a matrix is derived from the coefficients of its col¬ 
umns, the output structure from the coefficients of its rows. 

However, a direct comparison between the two databases is 
not easy, as there are substantial differences between the 
approaches, such as those related to data sources, level of 
specificity and general accounting framework. Therefore, 
we have first transformed the two databases in such a way 
that their structures can be compared on the basis of the 
same classification system. The ETH technology matrix was 
aggregated from 1163 processes to 91, which is the classifi¬ 
cation used in the Input-Output table at stake, by using a 
permutation matrix (see section 2.3 below). After this re¬ 
classification and aggregation, the two technological matri¬ 
ces presented comparable Input-Output structures. And sec¬ 
ond, we have extracted relative contribution data, instead 
of absolute values, from the matrices to highlight the struc¬ 
tural differences. A correlation study was conducted for each 
of the corresponding columns, to assess the input structures 
of the two databases, while the output structures were ana¬ 
lysed using a graphical representation. 

The aim of the analyses is to highlight similarities and dif¬ 
ferences between the two approaches and guide LCA prac¬ 
titioners in choosing the database that is of better relevance 
for the specific goal and scope of a study. 

This article is structured as follows: section 1 describes the 
general features of ETH and MIET. Section 2 presents a brief 
description of the computational features of the process- 
matrix approach for LCA and Input-Output analysis as well 
as explaining the algebraic methodology applied in the per¬ 
mutation to obtain comparable matrices. The results of the 
correlation study and of the input and output structural 
comparisons are discussed in section 3, while the fourth and 
final section presents the conclusions of the study. 

1 Structure and Features of the ETH 96 and MIET 2.0 
Databases 

1.1 General features of MIET 2.0 

MIET is an environmentally extended Input-Output data¬ 
base that is designed to assist IO-LCA and tiered hybrid 
LCA studies. It was published in 2001, and currently has 


more than 500 subscribers worldwide. It uses a 1996 U.S. 
Input-Output table based on a 91x91 classification and cor¬ 
responding environmental databases, including 

- Toxic Release Inventory (TRI 98), for toxic substances [16], 

- Air Quality Planning and Standards (Airs) EPA, for conventional 
pollutants [17], 

- Energy Information Administration (EIA), for energy consumption 
[18], 

- National Centre for Food and Agricultural Policy (NCFAP), for 
pesticide use [19], 

The number of environmental interventions compiled ex¬ 
ceeds 1000 [14]. The main features of the MIET database 
are as follows: 

- Based on a consistent commodity-by-commodity framework, 

- Either consumers' or producers' price can be used, 

- Contains around 100 widely used impact assessment methods, 

- Officially published statistical sources are used, 

- Avoided impact allocation, 

- Capital goods (investments by sectors) are endogenised in the 
monetary transaction table. 

The Input-Output table used in MIET is derived from the 
make and use tables published by the BEA in 1996. Accord¬ 
ing to the most recent revision of the System of National 
Accounts in 1993, accepted by the European Community as 
part of SEC95 [20], the national accounting system should 
be based on make and use type tables. 

Although the utilisation of make and use tables makes it 
possible to consistently deal with secondary products and 
scraps, these tables require further treatments to construct a 
commodity-by-commodity technology matrix [21]. This re¬ 
quires assumptions on the way how inputs of an industry 
are allocated over its multiple outputs. Two different as¬ 
sumptions are the most widely used: the commodity-tech¬ 
nology assumption (i.e. a product has its own input struc¬ 
ture in whichever industry it is produced) and the industry- 
technology assumption (i.e. multiple outputs of an industry 
have the same input structure) [22]. MIET uses both as¬ 
sumptions, while the public version is based on the latter. 

Our study used the MIET, derived using the commodity- 
technology assumption, which is analogous to the 'avoided 
impact' allocation method in LCA. On the basis of this allo¬ 
cation procedure, the emissions due to the production of 
secondary products have to be subtracted by the total secto¬ 
rial emissions in order to account only for a primary prod¬ 
uct and its environmental burden. Emission intensities re¬ 
lated to secondary products are derived by referring to the 
sector, which produces them as primary products [14,22,23]. 
In other words, the environmental burden related to sec¬ 
ondary products is allocated in those sectors that produce 
those products as primary products (see the MIET 2.0 us¬ 
er's guide for further explanation). 

The last feature of MIET is its inclusion of capital goods (or 
investments) in the monetary transactions among the Input- 
Output sectors. The Capital Flow Table (CFT 1992) [24] 
was used to adjust the monetary flows of the Input-Output 
table in order to include purchases and supplies of equip¬ 
ment and new structures. This accounts even for the emis¬ 
sion of C0 2 caused by the production of these inputs, which 
is generally not included in the conventional Input Output 
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tables. Capital goods purchases and supplies included in CFT 
refer to 1992, which means that what has been used is the 
'investment intensity' by sector, assuming that this intensity, 
rather than the absolute amount, had not changed by 1996. 
MIET 2.0 has been updated using the 1998 IO table and 
corresponding environmental databases based on a 480x480 
commodity classification, and is now included in LCA soft¬ 
ware packages [25,26] However, this version was not avail¬ 
able at the time this analysis was carried out and was there¬ 
fore not considered in the present study. 

1.2 ETH 96 general features 

ETH is one of the most commonly used databases for LCA. 
An update will become available soon, but was not avail¬ 
able when the present analysis was carried out. However, 
we do not expect the structure of the update to be very dif¬ 
ferent from the current one. It was designed primarily for 
energy systems, and its inventory tables include the emis¬ 
sions/resources consumption linked to the entire supply chain 
of the various energy production processes. All activities 
related to energy production are considered, referring to the 
Swiss and, more generally, Western European situation. ETH 
is subdivided into the following categories: 

- energy carriers; 

- basic materials; 

- transport activities; 

- general services; 

- electricity; 

- oil; 

- natural gas; 

- coal; 

- nuclear energy; 

- renewable energy sources, including hydroelectric power, wood, 
solar energy (photovoltaic and solar thermal) and wind energy; 

- geothermal; 

- combined production (heat and power); 

- waste treatment. 

For all these categories, it includes the entire supply chain. 
For example, the 'Energy Carriers' category refers to the 
extraction and production of energy commodities: oil prod¬ 
ucts (fuel oil, gasoline, diesel, etc.), coal products (hard coal, 
lignite, etc.), natural gas, uranium and wood. All activities 
related to the production and supply of these energy com¬ 
modities are included. Regarding the transport activities, it 
includes several means of transport: road-based (private car, 
delivery van, lorries (16t, 28t and 40t)), railway-based (die¬ 
sel and electric traction), water-based (high sea and inland, 
oil tanker and freighter) and pipeline-based (on- and off¬ 
shore pipelines and gas pipelines). Moreover, the inventory 
tables include the construction of infrastructure elements 
(bridges, tunnels, harbours, railway tracks, etc.), the manu¬ 
facturing of equipment (locomotives, cars and lorries, ships, 
etc.) as well as end-of-life aspects. [13]. 

2 Computational Structure of the Compared Approaches 
2.1 MIET computational structure 

MIET is based on a total multiplier matrix obtained through 
the well-known Leontief inverse, on which Input-Output 
analysis is based. The basic equation, in matrix notation, 
for the Input-Output analysis is: 


x = (I-A)-'y (1) 

where x is the variation in the total output, A is the direct 
coefficient matrix (obtained by the Input-Output transaction 
table) I is the identity matrix and y is the final demand vector. 
The inverse matrix, (l - A) -1 , known as the Leontief inverse, 
represents the total requirements. For further explanation about 
Leontief Input-Output analysis, see Miller and Blair [27], 

The premultiplication of the Leontief inverse by an environ¬ 
mental matrix containing the intervention related to one 
monetary unit for each sector results in the total (i.e., direct 
plus indirect) environmental intervention related to one 
monetary unit of output produced by each sector in a steady- 
state period. 

E = F (I - A) - 1 (2) 

In the present work, the F matrix in Eq. (2) includes only 
the emissions of CO z for each sector. Although it is there¬ 
fore a vector, we use it in diagonal form (a matrix in which 
all the elements are zero, except for the main diagonal in¬ 
cluding the C0 2 emissions of each sector). The E matrix has 
the same dimension as the Leontief inverse and shows the 
input structure of the 91 commodities included in the US 
Input-Output table, in terms of embodied C0 2 . 

2.2 LCA matrix approach based on the ETH database 

ETH database utilises a matrix approach developed for LCA 
[12,28]. The technology matrix used in this approach is an 
algebraic representation of the flows of commodities between 
industrial processes (energy, materials, services) in physical 
units. The technology matrix is generally square and is in 
dimension of economic flows-by-processes (see Heijungs and 
Frischknecht for the case of a non-square technology ma¬ 
trix) [29]. The use of commodities by processes are noted 
with negative values, while production was positive in the 
technology matrix. The basic equation of this framework is: 

g = BA-> f (3) 

Where B is the intervention matrix showing pollutant emis¬ 
sions or resources use for one unit of each process, A -1 is the 
inverted technology matrix, f is the final demand vector (func¬ 
tional unit) and g is the Life Cycle Inventory. The life cycle 
inventory problem is solved by finding the g, which is the 
solution of Eq. (3). Without going into a detailed descrip¬ 
tion of this framework, the main advantage of using a ma¬ 
trix is that the closed-loops problem, or recursive flows be¬ 
tween processes (for instance, steel uses coal as input while 
coal needs as an input as well), is elegantly resolved by using 
the matrix approach [11]. Using the matrix approach, for ex¬ 
ample, the coverage of the product system is stretched infi¬ 
nitely around the upstream process relationships, which is dif¬ 
ficult to attain using only traditional process-flow diagram 
approach. Although the matrix approach provides a higher 
level of completeness than the traditional flow-chart approach 
in terms of the order of upstream inputs considered (depth), 
the system boundary is constrained by the number of proc¬ 
esses included in the technology matrix (breadth). 
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The basic data required for the analysis are directly drawn 
from the ETH database and CMTCA software was used for 
matrix calculation [30]. The pre-multiplication of the in¬ 
verted technology matrix by the intervention matrix - in 
this case, a diagonal matrix just for C0 2 - results in an in¬ 
tensity matrix, with the same 1163 x 1163 dimension show¬ 
ing the CO, embodied in the processes included in the sys¬ 
tem. The equation for the intensity matrix M is as follows: 

M=B C02 A~ l (4) 

The hat ( A ) produces a diagonal matrix out of a vector. 

2.3 Permutation matrix 

In order to compare the ETH C0 2 multiplier matrix with 
that of MIET, we transformed the ETH technology matrix 
and the corresponding environmental matrix to the level of 
aggregation used by MIET. The number of commodities clas¬ 
sified in the ETH matrices was reduced from 1163 to 91. 
This reduction was achieved by aggregating the economic 
flows (rows) of the ETH according to the Input-Output clas¬ 
sification scheme. 

The reclassification of the ETH multiplier matrix was ob¬ 
tained through a premultiplication of the right-hand side of 
equation (4) by a permutation matrix P. The permutation 
matrix P is rectangular, with a dimension of 1163x91. The 
p n coefficients of the permutation matrix are 1 or 0, de¬ 
pending on the particular Input-Output commodity sector 
to which the ETH economic flow belongs: 

- if the economic flow (or process) does not 

belong to the IO commodity sector, then p lf = 0 

— if the economic flow (or process) belongs to 

the IO commodity sector, then p t/ = 1 

Since the ETH multiplier matrix is pre-multiplied by P, the 
equation (4) becomes: 

M =P'B A -1 (5) 

C02 

In equation (5), the superscript apostrophe means the trans¬ 
position of P. By applying equation (5), the number of ETH 
economic flows is reduced from 1163 to 91. Note here that 
only CO, embodiments by input commodities to each proc¬ 
ess are aggregated by this operation, and no aggregations 
between processes are made here. As different processes in 
ETH database may have significant difference in their pro¬ 
duction volume in absolute term, aggregation between proc¬ 
esses is not straightforward like the one in Eq. (5). In this 
way, it is possible to highlight which of the 1163 processes 
has the greatest correspondence and similarity with the In¬ 
put-Output sectors included in MIET. 

2.4 ETH and MIET correlation study 

After the premultiplication described in equation (5), the 
coefficients of the multiplier matrix M are divided by the 
total of their columns. The generic elements of the resulting 
matrix M* are obtained by: 


(«'>„.=(« (6) 

In the same manner, the multiplier matrix E of MIET is nor¬ 
malised to the total of its 91 columns. The generic elements 
of the E * matrix are obtained by: 

(£')„■ =(£),/!(£), |7| 

After the application of equations (6) and (7), the resulting 
matrices M* and E * represent the percentage contribution 
of each input to their total C0 2 emission of each process. 

A column-wise correlation analysis has been performed be¬ 
tween matrix M* and matrix £*. The highest R 2 correlation 
values obtained by the column-wise correlation analysis 
among the 1163 processes (columns) of the M" matrix and 
the 91 commodity sectors of the E' matrix indicate the most 
similar processes in terms of their input structures on the 
basis of embodied CO,. 

3 Results 

3.1 Absolute comparison between ETH and MIET 

Although it is not considered as the main elements of the 
current study, an absolute comparison between the two data¬ 
bases is carried out mainly to check if there are extraordi¬ 
nary discrepancies between them. Fig. 1 shows the CO, 
emission from seven background processes, corresponding 
to the same functional units of 1 m 3 for natural gas, 1 kWh 
for electricity production and 1 kg for all others. The con¬ 
version of the physical unit to monetary terms, which is nec¬ 
essary for the application of Eq. (2), was based on the price 
level for 1996, the same year used for the selected commodi¬ 
ties in the US IO table. The statistical surveys used for the 
conversion prices are the statistics provided by the Energy 
Information Administration for the energy commodities 
(coal, electricity and natural gas), and the U.S. Geological 
Survey for the remaining commodities [31,32]. 

An absolute comparison between ETH and MIET in terms 
of functional units does not provide easily comparable re¬ 
sults, because of, for example, the differences in their ap¬ 
proaches, and the price inhomogeneity. In particular, typi¬ 
cal sources of errors in comparing Input-Output based results 
with process analysis include: 

- choice of average price (prices not homogeneous across the same 
sectors), 

- standard errors of survey statistical data, 

- time gap between the compilation of the data and the use of the 
table for IO analysis, 

- composition of technology between the two geographical areas, 

- cut-offs made in process LCA database, 

- choice of allocation method, 

- assumptions on imported goods. 

The assumption about imported goods and the price inhomo¬ 
geneity within an economic sector are considered to be the 
important sources of difference between MIET and ETH. 
Other sources of errors could be considerable as well, although 
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Fig. 1: C0 2 emissions calculated by ETH and MIET per kWh for electricity, m 3 for natural gas and kg for steel, aluminium, ammonia, coal and iron ore 


they are not considered to be the dominant sources of errors. 
Firstly, the technological compositions of the two regions, 
which are the U.S. and western Europe, are more similar than 
any other regions in the world, except for a few sectors re¬ 
lated to agriculture and energy, for example, and secondly, 
these versions of MIET and ETH shares more or less the same 
base year, so that temporal difference can be neglected. 

MIET is based on the assumption that imported goods are 
produced with the same US technology, while ETH takes 
into consideration the geographical differences in the tech¬ 
nologies applied. Moreover, MIET, like all monetary Input- 
Output analyses, refers to inter-industry flows expressed in 
monetary terms, and the basic assumption is that these mon¬ 
etary flows represent physical and technical input-output 
relationships among industries. The price inhomogeneity of 
commodities belonging to the same sectors, however, intro¬ 
duces uncertainty in the final results, whereas the higher 
level of specificity and the physical units used in ETH do 
not introduce this type of errors. 

Due to these inherent differences, the absolute C0 2 emis¬ 
sion figures for the sectors considered differ significantly 
between the two databases, although the patterns are rather 
similar (see Fig. 1). MIET shows higher results in only four 
of the seven categories compared, including electricity gen¬ 
eration, steel production, natural gas and coal mining. 

Fig. 1 compares the emissions calculated by ETH with those 
obtained through MIET, at different price levels for the same 
commodities in order to highlight how the results depend 
on the price. 

The price of commodities depends on several factors, such 
as the end-user, the type of commodity or the geographical 
origin. For instance: prices of iron ores and natural gas vary 
within ranges of ±35% and ±40%, respectively, depending 
on the geographical origin of the ore (different US regions) 
and the end-user to whom the natural gas is delivered (resi¬ 
dential or power plants); the price of an aluminium can may 
be more than double its average price, depending on its 
manufacturing features (aluminium plates, sheets, casts, etc.). 
Therefore, an absolute comparison between the two ap¬ 
proaches relies heavily on the choice of price and conse¬ 
quently makes it difficult to draw meaningful general con¬ 
clusions. Thus, the absolute comparisons are no longer 


pursued in this study and the following results are focused 
on the relative structural comparisons. 

3.2 Column-wise correlation study and input structure 
comparison 

A comparison of the input structure highlights the use of the 
91 commodities as inputs by processes, expressed in terms 
of C0 2 embodiment. The processes with the highest R 2 co¬ 
efficients, which means the most similar input structures 
between the two databases, are listed in Table 1. Fig. 2 and 
Fig. 3 show the input structure of these processes. 

For the sake of a more convenient representation in the fig¬ 
ures in this paper, the 91 commodity sectors have been fur¬ 
ther reduced to 15 categories, by aggregating and excluding 
some of them. In particular, the category named 'Capital 
goods' includes sectors like: 'New construction', 'Furniture 
and fixtures', 'Metalworking machinery and equipment', 
'Electrical industrial equipment and apparatus' and 'Trans¬ 
port equipment'. Some of the sectors included in the 'Serv¬ 
ices' category are 'Wholesale and retail trade', 'Finance', 'In¬ 
surance', 'Advertising', 'Eating and drinking places' and 
'Automotive and repair services'. The 'Transport (others)' 
category includes road and air transport, thus excluding pipe¬ 
line transport for natural gas and petroleum. 

ETH and MIET show similar shapes in these four graphs, 
which means that they have similar input structures. This 
conclusion is confirmed by the correlation value R 1 for these 
processes, which ranges from a minimum of 0.70 for 'En¬ 
gines and turbines', which is known to be highly inhomoge¬ 
neous, to a maximum of 0.99 for 'Primary iron and steel 
manufacturing', which is more homogeneous. The latter 
shows a very similar input structure if we exclude the con¬ 
tribution of the 'Others' category. For this category, the dif¬ 
ference is due to the high relevance, in the value of ETH, of 
the 'Water and sanitary services' sector, which also refers to 
recycling and waste treatment processes. 


Table 1: Highest R 2 coefficients (column-wise) 


ETH processes 

Sectors (processes) 

R 2 

Electro steel 

Primary iron and steel manufacturing 

0.99 

Hydrofluoric acid 

Industrial and other chemicals 

0.90 

Crude oil 

Crude petroleum and natural gas 

0.88 

Heating pump 160 kW 

Engines and turbines 

0.70 
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Fig. 2: Input structure expressed in embodied C0 2 

It may be observed that underestimation or overestimation 
by MIET relative to ETH or vice versa occurs quite irregu¬ 
larly. The C0 2 emission contributions by electricity produc¬ 
tion, for instance, are higher in MIET for 'Primary iron and 
steel manufacturing' and 'Industrial and other chemicals' 
systems, but the opposite is true for 'Engines and turbines' 
and 'Crude petroleum and Natural Gas' production systems. 

Interestingly, however, the patterns of underestimation or 
overestimation by one relative to the other are rather per¬ 
sistent for some categories, indicating systematic common 
underlying roots. For instance, the contribution by the 'Capi¬ 
tal goods' category in ETH is consistently underestimated; 
the differences in its percentage of contributions to other 
sectors between MIET and ETH range from a minimum of 
twofold to a maximum of almost eightfold. The input struc¬ 
ture comparison depicted in Figs. 2 and 3 reveals two other 
consistently under-estimated sectors, viz. 'Transport (oth¬ 
ers)' and 'Services', although with a smaller magnitude. 

3.3 Output structure study 

The relative contribution, in terms of embodied C0 2 , by a 
commodity as an input to all processes is of concern in the 
output structure analysis. In order to extract unique output 
structures of important commodities, we performed a row¬ 
wise comparison between matrices E and M*, which result 
from Eqs. (6) and (7). 

Fig. 4 depicts the output structures of a few important com¬ 
modities of the two databases that allows us a generic com¬ 
parison between the two. The continuous line represents the 



--♦--ETH —a—MIET 


Fig. 3: Input structure expressed in embodied C0 2 

relative contribution of the selected input over the IO sec¬ 
tors, thus referring to MIET's output structure. ETH's out¬ 
put structure is represented by the dots, which show the 
relative contribution of the same selected input over the proc¬ 
esses in ETH. Note here that there is no aggregation be¬ 
tween the ETH processes here as well, which results in mul¬ 
tiple dots in the same sector categories. The processes in 
ETH have been reclassified (but not aggregated) in order to 
follow the IO classification scheme, which is why each IO 
sector has several corresponding processes in ETH. 

The position of the continuous line relative to the dots pro¬ 
vides indications about the estimation of the output struc¬ 
ture in the two databases. In particular, if the continuous 
line (MIET) crosses the dots (ETH), it implies that the two 
databases have a highly similar output structure for the se¬ 
lected input. If the continuous line stays below or above the 
cloud of dots it implies that the selected input by the proc¬ 
esses in ETH database is systematically underreported or 
over reported, respectively or vice versa for MIET. 

For the sake of legibility, the results have been plotted using 
the logarithmic scale on the y-axis, and consider only the 
shared and most important sectors and processes. In par¬ 
ticular, the agricultural, forestry, fishery and tertiary sectors 
have been excluded. The values are in inverted order. 

The output structure of 'Industrial and Other Chemicals' in 
Fig. 4 shows remarkable similarities between the two 
databases. The output structure of the 'Primary iron and 
steel manufacturing' and 'Electronic components' sectors, 
however, is clearly and systematically underreported in ETH, 
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Fig. 4: Results of the output structure study 


since the continuous line stays below the majority of dots. 
In other words, in ETH database, the importance of these 
two inputs to 1163 processes, are systematically underre¬ 
ported in ETH databases as compared to MIET database. 
Similar observation can be made for the 'Petroleum refining 
and related products' and 'Structural metal products' sec¬ 
tors although its magnitude may be smaller. Note that, the 
continuous line represents the average of each sector, which 
could be made up by the combination of individual proc¬ 
esses that belongs to the sector. If the continuous line is out¬ 
side the range of the vertical clouds shown in figure 4, how¬ 
ever, any combination of the individual processes can make 
up the value of continuous line as an average. 

4 Discussion and Conclusions 

The methodological approach used in the present study per¬ 
mits a structural comparison between MIET and ETH, which 
is based on relative rather than absolute differences, as the 
latter might be due to a variety of random variables besides 
more systematic roots. 

The generally high R 2 values found in the column-wise cor¬ 
relation suggest that MIET and ETH have similar input struc¬ 
tures. Moreover, the row-wise results shown in Fig. 4 reveal 
that a typical process-LCA database, such as ETH, prob¬ 
ably leads to an underestimation of the overall LCI due to 
cut-offs. One of the main sources of incompleteness of ETH 
is the treatment of capital goods as inputs. A typical sector 
providing infrastructures and capital goods generally presents 
a large truncation in the ETH database, as is shown by both 
the column- and row-wise comparisons. In Figs. 2 and 3, 
which show input structure comparisons, the underestima¬ 
tion of capital goods as input is up to eightfold lower in 


ETH than in MIET. A similar observation can be made for 
the underestimation of steel in the input structure of 'En¬ 
gines and turbines' shown in the first graph of Fig. 2. More 
generally, the use of steel as input is subject to systematic 
underestimation in ETH (see Fig. 4). These conclusions are 
further confirmed by the row-wise comparison shown in 
Fig. 4, which in the case of 'Electronic components' indi¬ 
cates a significant underestimation. Figs. 2 and 3 of the 
present study reveal another source of incompleteness, which 
is the consistent underestimation of transport activities as 
input in ETH compared to MIET. 

Input-Output analysis has been proposed as an alternative 
model to LCA, since it is a top-down technique and it allows 
the entire economy to be considered as a system under study 
[2,3]. Although this completeness is undoubtedly an advan¬ 
tage, the Input-Output methodology suffers from several limi¬ 
tations, mainly due to the level of aggregation of the sectors, 
which are not suitable for detailed analyses [10]. The use of 
Input-Output analysis as an alternative way to carry out an 
LCI would not be relevant for detailed LCA studies, espe¬ 
cially for atypical goods that cannot be approximated by a 
sector in an Input-Output table. However, expanding the analy¬ 
sis to the entire economy and objectively solving the bound¬ 
ary definition problem is a necessary improvement for LCI, 
which can be obtained by the complementary use of process- 
LCA and an IO table with corresponding environmental data, 
such as MIET. Thus it is highly desirable to explore the inter¬ 
section between the two approaches through hybrid analysis 
[7,8,12,15]. Hybrid analysis maximises the strengths of the 
two approaches while retaining process specificity and broad¬ 
ening the system boundary without much cost. The develop¬ 
ment of hybrid LCI databases and software tools that enable 
such analyses would be an important step forward. 
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International efforts to improve and harmonise the Input- 
Output LCI databases is another area that needs more at¬ 
tention. Currently, a dozen Input-Output LCI databases are 
available around the world (see ref. [8] for a survey). How¬ 
ever, the level of sectorial detail and the quality of environ¬ 
mental emission data differ significantly between databases. 
A co-ordinated effort to build a set of common protocols and 
quality indicators between databases is highly desirable, the 
UNEP/SETAC Life Cycle Initiative being one of the options. 

Some recent developments are relevant for the contents of 
this paper. The ETH 96 database has been substantially im¬ 
proved and a new version, Ecolnvent 2000, is now avail¬ 
able. The MIET database has been updated as well, using 
500x500 US IO data for 1998 and various environmental 
emissions, resource use and land use data that amount to 
1344 items. The new version, MIET 3.0, is now available as 
part of the SimaPro software package by PRe Consultants 
or directly from CML with a software tool, Comprehensive 
Environmental Data Archive (CEDA) 3.0 [31]. Thus, it will 
be interesting to apply the structural comparison method 
presented in this paper to the new databases as well. 


Background information: Appendix 1 - Column wise R 2 coeffi¬ 
cients (only the ^coefficients higher than 0.6) (Online only, go to: 
http://dx.doi.Org/10.1065/lca2004.12.198 ) 
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Appendix 1 : Column wise R 2 coefficients (only the R 2 coefficients higher than 0.6) 
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Appendix 1 : Column wise R 2 coefficients (only the R 2 coefficients higher than 0.6) ( cont'd) 
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